Software development managers recognize that project teams need to be developed and managed. Although technical skills are necessary, non-technical (NT) skills are equally necessary for project success. There are several tools that assist in measuring the effectiveness of the technical skills that teams use to perform projects, but there are no proven tools to measure the NT skills of software developers. Behavioral markers (BM), observable behaviors that have positive or negative impacts on individual or team performance) are beginning to be successfully used by airline and medical industries to assist managers in assessing NT skills of project teams and individuals. The purpose of this research is to develop and validate a NT skills taxonomy for software developers. This paper presents an empirical investigation to develop and validate a NT skills taxonomy which was in turn used to construct a BM system tool for said developers and software development teams.
INTRODUCTION
The software development process is a team activity and the success of a software project depends on the effective performance of the software project team. West [1] notes that working in a team is not automatically beneficial. Simply bringing people together does not ensure that they will function as an effective team. The Project Management Institute recognizes the need to develop project teams. The most recent PMBOK Guide [2] states "teamwork is a critical factor for project success, and is one of the primary responsibilities of the project manager". PMBOK also acknowledges that nontechnical (NT) skills, in comparison to technical skills, are equally important for project success and team development. Multiple authors agree that the NT skills are critical to project success [3, 4] . Other authors assert that NT skills can have the largest impact on software development [5, 6] .
The cognitive and interpersonal skills which underpin software professionals and technical proficiency are being recognized as requirements for a competent software developer [7] . One major factor that is driving the demand for NT skills is the requirement for an agile workforce to support agile organizations [8] . Agile software development methodology is based on incremental and interactive development. This development is carried out through the collaboration between self-organizing, cross-functional teams. Agile teams depend greatly on efficient communication, taking responsibility, initiative, time management, diplomacy, and leadership.
While the performance of individuals is very important to creating an effective team, there are no established guidelines for measuring team effectiveness. Different authors have identified different criteria for assessing team effectiveness [9, 10] . These criteria generally include measurements of task performance as well as the interpersonal skills of the team members, which include attitudes and behaviors. While there is extensive literature with respect to different ways to measure task performance (e.g., lines of code) for software development [11] , little research has been performed on measuring NT skills. On that note, the aviation and health care industries have already recognized the importance of NT skills to the success of their teams, and have been using behavioral marker systems to structure individual and team assessments of these NT skills. We believe that software teams can also draw upon these models to improve teamwork in software development.
As software project development managers and educators, this is one of the factors that motivated our research. How can managers objectively measure the NT skills of their employees to determine if their NT skills are adequate or if they need improvement? How would feedback be provided to the team members so that they could improve their performance? The research reported here is an attempt to answer these kinds of questions. Thus, the purpose of this research is to identify the NT skills required by effective software professionals, and to develop a behavioral marker system for evaluating these skills.
II. BACKGROUND
This section provides background on the NT skills (Section II.A) and the behavior marker systems (Section II.B).
A. Non Technical (NT) Skills
NT skills are the cognitive, social, and personal resource skills that complement technical skills and contribute to overall task performance [12] . Classic examples of NT skills are leadership, patience, cooperation, communication, decision making, conflict management, stress and workload management, attention to detail, empathy, and confidence. In short, NT skills cover both the social and cognitive side of a person. In a survey released in 2013 by the Association of American Colleges and Universities [14] , it was found that employers feel that NT skills, both cognitive and interpersonal, are more important than a particular major. Even professional organizations such as Professional Engineering Competence (UKSPEC), IEEE Computer Society etc. state that professional engineers have an obligation to possess NT skills [15] .
Universities and colleges have strived to create curricula to prepare students to be Software Engineers. Some researchers have defined competencies (both technical and NT) for Undergraduate Software Engineering students, however these do not encompass all of the competencies, such as many necessary interpersonal skills, needed for a Software Engineering professional [16, 17] . Other researchers have developed expert profiles (tools that communicate the technical and NT skills required) for engineering professionals that include input from both academia and industry; however, they do not define specific competencies required for a Software Engineer [18] . Educators summarize important course knowledge and skills that the student's should develop in course syllabi. Employers list minimum requirements for new hires in job advertisements. With so many different sources and kinds of information available, it is difficult to synthesize what competencies and in particular, NT skills, are required in the software profession. Therefore, this research attempts to develop a NT skills taxonomy for software professionals.
B. Behavior Markers(BM) and Behavior Marker System
Behavioral markers (BM) are defined [19] as "observable, non-technical behaviors that contribute to superior or substandard performance within a work environment". They are derived by analyzing data regarding performance that contributes to successful and unsuccessful outcomes. These markers are often structured into categories (e.g. communication, situational awareness, and decision making). The overall purpose of a BM system is to provide a method to assess team and or individual behaviors using markers. In general, BM systems have a taxonomy or listing of NT skills that are associated with effective job performance. This listing is combined with a rating scale to allow the skills (which are demonstrated through behaviors) to be assessed by trained observers. These BM systems are part of an observation-based method to capture and assess individual and team performance on data rather than on gut feelings. Observers use the BM tool, designed in the form of a structured list of skills, to rate skill and behavior performance. This allows an individual's or team's skills to be rated in their real context. BM systems can provide feedback on performance to individual/ teams as well as a common language for discussing and teaching NT skills.
BM systems have demonstrated value for assessing NT skills, for providing feedback on these skills, for improving training programs for NT skills, and in the use of building databases to identify norms and prioritize training needs. Given the prevalence and success of BM systems, we believe that they can be effective at improving NT skills in software development teams. However, a BM system developed for one domain cannot simply be transferred to another domain. It is important to recognize that BM systems need to be specific to the domain and culture. O'Conner et al. [20] noted that the Human Factors Analysis and Classification System developed for aviation was not appropriate for assessing the NT skills for U.S. Navy divers.
A brief description of the domains in which BM systems have been successfully used (i.e., airline, medicine) follows:
1) Airline Industry: The first BM system developed for the airline industry had two primary purposes: to evaluate the effectiveness of crew resource management (CRM) by measuring observable behaviors and to aid the development of future CRM programs [21] . The Line Operation Safety Audit (LOSA) is a very successful BM system, and many of the BM systems in other industries were adapted from this audit tool. It focuses on interpersonal communication, leadership, and decision making in the cockpit. Trained observers (pilots and human factors experts) ride along in the cockpit and observe the flight crews during normal flight operations. They score the behaviors of the crew using LOSA. This tool has been very successful in measuring the strengths and weakness of the flight crews' interpersonal skills and is endorsed by the International Civil Aviation Organization [22] .
2) Medical Industry: To help improve teamwork in healthcare, BM systems are being adopted. Two predominate tools to date include the Anesthetists' NT Skills (ANTS) System and the Observational Teamwork Assessment of Surgery (OTAS). ANTS provides a taxonomy for structured observations of anesthetists [23] . This system has proven very useful in assessing the NT skills of anesthetists in simulation training and has provided important performance feedback for the individuals. OTAS was developed to evaluate the technical and interpersonal skills in surgery teams [24] . Empirical studies have shown that the underlying cause of many adverse events in surgery were the result of poor communication, coordination, and other aspects of teamwork rather than technical failures. OTAS has been found to be a valid measure the technical and NT performance of surgical teams.
Our goal is to develop a BM system that can improve software professional team member performance by providing feedback in the form of an objective and documented assessment of the NT skills of the team members.
III. RESEARCH APPROACH
The research approach included activities with a major focus on a) developing a taxonomy of NT skills of software professionals, b) validating and refining the taxonomy, and c) developing a BM system for software developers. More details on the study design and results appear here.
As a first step, a systematic literature review was performed to identify and analyze the NT skills of software professionals. A systematic literature review is a systematic search process that focuses on particular research question and provides an exhaustive summary of literature relevant to that question. By performing a systematic review, researchers can be more confident that they have found background information relevant to their study. The more common ad hoc approach does not provide this same level of assurance [25] . Next, a focus survey was developed using the process recommended by Davis et al. [26] . The focus groups consisted of employers, SE and CS industrial professionals and instructors. The software professional NT skills profile survey used the NT skills information gathered from the systematic literature review and was developed with the assistance of a focus group. The results of the survey were used to develop the software professional NT skills taxonomy. Finally, a review of related BM system literature was carried out in order to develop a BM system for software developers, and a BM rating tool was created.
IV. RESEARCH DESIGN
This section describes the research design. Section IV.A describes the systematic review protocol. Section IV.B presents the focus group design, survey procedure, and the process of developing the BM system and the behavior examples.
A. Systematic Literature Review
In accordance with systematic review guidelines [27] , the review protocol was developed that specified the questions to be addressed, the databases to be searched and the methods to be used to identify, assemble, and assess the evidence. To properly focus the review, a set of research questions (RQ's) were developed. With the underlying goal to develop a software professional NT skills profile, the high-level question addressed by this review was:
"What are the NT skills required of software professionals performing well in their field and how can we discover what NT skills are valued by employers?"
This high-level question was then decomposed into the more specific RQ's. RQ#1 identified the existing empirical studies reported on desired competencies in software professionals. RQ#2 focused on efforts, methods or tools that are used to identify or can be used to identify a comprehensive list of NT skills. If any of these methods or tools has been implemented, we also analyzed their level of success and lessons learned. RQ#3 combined the results of the first two RQ's in an attempt to develop a software professional NT skills profile. Details on the review protocol (sources searched, search execution, inclusion and exclusion criteria, quality assessment, data extraction) can be referred to in a report [28] .
B. Focus Group
After an initial list of NT skills was identified from the literature review, the skills were clustered into major categories (details in Section V). Synthesis of the literature review of software developer NT skills was then incorporated into a survey. This survey was sent to a diverse group of individuals from SE academia and industry for review. We employed two online surveys to assist in gathering this input. The focus group members who participated in these surveys were located in three different states, thus using a survey questionnaire was an efficient way of collecting the NT skills input. Both surveys used a cross-sectional survey design in which we gathered information about the NT skills important to a professional software developer at a specific point in time. First, the initial list of NT skills was compiled and then the first electronic survey was created. The first survey used an initial draft of NT skills gathered from the literature review as a basic guideline and then gathered NT skills priorities, missing NT skills, description clarifications, and comments to produce a more robust NT skills inventory. Once this survey was complete, an updated NT skills profile was created. The purpose of the second survey was to gather examples of good and poor behaviors for the top rated NT skills from the first survey. The details of the survey design appears in the subsections
1) Survey Methodology
The surveys intend to evaluate the NT skills of a software developer performing well in professional practice, and identify the observable actions of the NT skills of a software developer.
Survey Participants:
A group of 20 individuals (SE professors, and industry managers representing both publically and privately held companies from small to large software development departments) was asked to provide input on the list of NT skills. Because cultural differences have been found to have a significant impact on individuals [29] , we decided to only seek input from educators and employers along the I-29 corridor of Minnesota, North Dakota, and South Dakota. Three universities (Dakota State University, North Dakota State University, University of Minnesota Crookston), along the I-29 corridor, were identified to have programs that would produce graduates suitable to being employed as Software Engineers and individuals were selected from each university. Each of the industry collaborators were selected because the companies they were associated with were located along the I-29 corridor; they all employed many new graduates that work in SE and software development related jobs; and they all have well developed human resource departments with sufficient resources to have created comprehensive competency expectations for company's employees and thus would have clearly defined expectations. The industry collaborators included managers of software professionals from each of the companies.
Survey Procedure: The survey included following 3 steps. Focus Group Survey #1: The focus group was emailed an electronic survey and asked to rank the importance of each NT skill to software professionals. The skills were listed in the categories (discussed in the results section). The survey also included the descriptions for each skill (can be found in [28] ). The ranking that we asked the focus group to produce provides prioritization of NT skills that most reflect expert activities. The focus group was also asked to provide inputs (suggested revisions to the NT skills, clarifications of the NT skill descriptions, missing elements, assess quality, and any further comments) to the NT skills. The quality of the NT skills was assessed per the guidelines provided by Davis and Beyerlein [18] by asking the focus group to provide feedback. The focus group helped create a more robust NT skill list.
Compile High Priority List of NT Skills:
The results of this first survey were compiled into an improved NT skills taxonomy. Some competencies were re-grouped, and the list trimmed of the competencies that did not meet the quality standards. This more robust NT skill list only include the most highly prioritized NT skills, which was intended to make it easier for the focus group to complete the second survey. This section provides results and findings organized around the activities described in Section IV.
A. Non Technical (NT) Skills based on Literature Review
After an initial list of NT skills was identified from the literature review, we clustered the skills into four major categories: communication, interpersonal, problem solving, and work ethic. These categories are illustrated in Fig. 1 and were reviewed by the involved researchers. We also had performed research to find meaningful descriptions for each skill. In many instances, it was felt that an identified skill overlapped with another NT skill, thus a list of synonyms was created to help provide clarity. Details of this information for one of the NT skills category (i.e., "Communication") can be seen in Table I and more details appear in [28] .
B. Results from the Focus Group# 1 and # 2
As mentioned earlier, individuals during the focus group# 1 ranked the importance of each NT skill to software professionals. The skills were listed in the categories and in the same order (as seen for one of the categories in Table I ). The survey also included the descriptions listed (as in Table I) .
We looked at different ways to analyze the Likert data from the first survey. One method was to look at the NT skills that received the highest percentage of essential ratings. In that vein, the list of the top skills and the percentage of respondents who thought this skill was most essential (rank = 1) can be found in Table II. A second, and very common method considered, often used in analyzing the Likert data, was to simply summarize the Likert values for each NT skill. Based on the summaries, the most essential NT skills, in order, are 1) teamwork, 2) attitude, 3) listening, 4) initiative/motivation to work, 5) critical thinking, 6) problem solving, 7) attention to detail, 8) flexibility, 9) integrity/honesty/ethics, 10) time management, 11) interpersonal relationships, 12) oral communications, 13) questioning, 14) learning, 15) leadership, and 16) responsibility. These two lists were very similar; however, after discussing these results with focus group, it was decided to combine the two lists to comprise the second draft of the NT skills that should be considered in the focus group#2.
The output of focus group # 2 were examples of observable actions that indicated good performance and behavior of each NT skill as well as examples of observable actions that indicate poor performance and behavior of each NT skill. They were asked to provide as many examples as they wished for each skill. The skills under consideration were: teamwork, initiative/motivation to work, listening, attitude, critical thinking, oral communication, leadership, problem solving, attention to detail, flexibility, integrity/honesty/ethics, time 
Questioning
Interviewing Asking the right questions in order to obtain the information needed.
Written Communications
Preparing written documents that accurately communicate ideas in a manner that is easily understood by intended readers. These examples of good and poor behavior provided by the focus group were analyzed and, using an adaptation of the consensual qualitative methodology [30] , reviewed and redundant examples were eliminated. The researchers then reviewed the remaining behaviors and evaluated their clarity and how observable they were. Some behavioral examples, such as "being a good team player" and "body language and persona emitting that you do not enjoy your work", were too ambiguous and removed. It was also felt that the "Leadership" skill did not have enough observable behaviors that would be able to be clearly identified, so that NT skill was removed. The result of the second survey was a behavior-based software engineer NT skills taxonomy. Fig. 2 shows the resultant examples of good and poor behavior for the "Listening" skill. The same process was used to create examples of good and poor behavior for each NT skill, and can be referred in [28] .
C. Creating a Behavior Marker System
The literature review on existing behavioral marker systems showed that there are no BM systems currently being used in the software industry, but did identify existing BM systems in aviation, health care, nuclear power, rail transport and maritime transport. Each system's structure was examined. The Communication and Teamwork Skills (CATS) Assessment showed the most potential for use in software development because it was devised to measure communication and teamwork providers in a variety of medical environments rather than focusing on a specialization. It also provided an easy to use scoring method [31] . Our results have shown that the NT skills important to good software development team practice include communication, interpersonal, problem solving, and work ethic. Our NT skills taxonomy also includes examples of good and poor behaviors for each skill.
Using the results, we developed a BM marker audit tool (see Fig. 3 ) that we refer to as the NT Skill Assessment for Software Developers (NTSA). The NTSA is designed to be used by an observer (i.e. manager, team leader, coach) during routine team interactions or meetings. It is intended that each time a behavior is observed, a mark is placed in the appropriate column by clicking on the column: observed and good, variation in quality or expected but not observed. Observations can be clarified by placing explanations in the comments section. The observer can see skill definitions and examples of good and poor behavior for a particular behavioral marker by viewing the second page. A manager is allowed to list as many or as few skills as desired in the behavioral marker column. The reason for this flexibility is that different organizations and different managers may wish to focus on a certain subset of NT skills. The observer will score the behaviors base on how well the behavior meets the behavioral examples and its definition. Our NTSA behavioral marker tool will be very usable for practitioners. Empirical validation of our NTSA tool is under progress and our aim is to provide a tool that requires minimal training to use.
VI. DISCUSSION OF RESULTS
An underlying goal of this research was to develop a useful taxonomy of the NT skills required for software engineers. NT skills are important to the success of projects, but a complete and relevant list approved by both academics and industry has never been developed until now. To accomplish this goal, this research used information found during a literature review and further refined by a focus group of experts in the field to develop NT skills taxonomy. This taxonomy can be used by software developers, educators, and industry to identify the NT skills required by software engineers and software developers that are necessary to have in order to build high-quality The management of software developers' NT skills is particularly important to today's teams because more and more industries are using agile methodologies which rely less on documentation and more on informal interactions between people. Professional software organizations feel that these skills need to be tracked and feedback provided so that software development team project members can improve. However, there are currently no tools available to assist with this task. To accomplish this goal, we developed a behavioral marker system for software developers based on the NT skills taxonomy. Individuals responsible for measurement and development of the NT skills of their software development teams can use the marker system as a tool across projects to determine areas of strength and areas that need improvement, providing objective feedback to teams and managers. A tool such as the NTSA provides a mechanism to improve a team and by extension the software that they produce.
VII. CONCLUSION AND FUTURE WORK
This work will benefit researchers, educators, and industry professionals in identifying relevant NT skills to research, and to provide focus on improving the NT skills in software professionals that are so important to software project success. For researchers, this work can serve as a starting point for future research into improving the relevant NT skills of software professionals. For industry, this work provides a method for managers to measure and manage the NT skills of their software professionals. Industry can use the NT skills taxonomy to identify the NT skills they feel are most relevant to their organizations. The NTSA provides a common language with which to understand and communicate about NT skills important to software professionals. Our future work will include performing studies to refine the NTSA tool and ultimately validate it for the eight NT skills identified as most important to software developers. We expect that future work can further deepen the understanding of which skills are important specifically for software development in contrast to skills that are relevant for teamwork in general. Further validation is also needed in different cultural contexts and development domains. We have begun collaborating with other researchers to use the BM system to investigate industry and student teams in different development environments. Ultimately, the NT skills ratings should be used as independent variables in studies examining the impact of non-technical skill performance on project outcomes.
